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ENSDF development status and plans
Database technology changes

Schema under development

What we can get out of a new database?
Machine learning for table extraction
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ENSDF upgrade status & plan

® Finished first version of “WalletCraft” Nuclear Wallet Cards database, jumping-off
point (earlier talk)

® July 2020: received funding for 3 years from Nuclear Data Interagency Working
Group FOA LAB 19-2114

» Develop new ENSDF database
» Develop machine learning (ML) for table comprehension

> E.A. McCutchan, S. Yoo (Co-Pl's, BNL); A. Mattera, S. McCorkle, B. Shu, A.
Sonzogni, C. Soto, S. Zhu (BNL); F. Kondev (ANL); C. Mattoon (LLNL)

® Computer Science Initiative (CSI) at BNL leading machine learning component
® Major database design work in FY21:
» Finish new database design

» Copy full ENSDF database into new database

» Validate 100% of records against existing ENSDF

NN National Nuclear Data Center _



Present state of ENSDF and XUNDL

| 238092001 | ADOPTED LEVELS, GAMMAS

238092003 | 238U IT DECAY (280 NS) | 238U
T 238U
| 238092005 | 236U(T,P) 238U

+
| rec_id | line_text
dommmmmmaaas N T Y ST
238092002 | 238U 238PA B- DECAY y
238092002 | 238U H TYP=FULSAUT=E. BROWNE,“J."R.* TULISCIT=NDS 127, 191 (20
I
I
I
I
I
I

|

| 238092002 | 238U 2 H CUT=1-Jun-2014%
| 238092002
I

I

I

I

238U D Slightly modified by E. Browne (7/24, 2014).
238092002 238PA P 0.0 (3-) 2.28 M 10
238092002 238U N 1.0
238092002 | 238U c¢ The Gamow-Teller |b-decay strength function has been calculated in |

238092002 | 238U 2c 19781z04 and 1979K1ZT. |

* Each line is one string, comments wrapped into next record
e Stored in relational (MySQL) database

* One text line, not in fields

* Requires parsing each string column-by-column

* Difficult due to heavy comment use

NN National Nuclear Data Center _




Move to object-oriented database

Relational databases: rows and columns

Object-oriented databases: “documents”

Real-world data is managed as real-world documents

Invoice 10/07/08
Joe the Plumber
Labor $200.00
Materials $ 75.00

$275.00
Due by: 12/01/08

couchdb.org




Object-oriented database “documents”

 Document structure; NOT stored as a file
« Accessed via database query / search

{
first name: ‘Paul’, o
, surname: ‘Miller’, String ”i;:T?Eerwmdﬁddwmmﬁ
© cell: 447557505611, < Romoer (o
/ city: ‘London’, Eyfégﬁ&
Fields #---> location: [45.123,47.232],

Fields can contain

1 . Il 1 r i 4 r i r
Profession: [ ‘banking’, ‘finance’, ‘trader’'], arrays

2 cars: |
{ model: ‘Bentley’, N
year: 1973,
value: 100000, .. }, . Fields can contain an array of sub-
{ model: ‘Rolls Royce’, documents
year: 1965,

value: 330000, .. } _

n L. National Nuclear Data Center
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Why object-oriented database?

Variety of data types

Numerical, text “half life”: 3.2
Arrays (changeable size) “unit” : “second
Documents

Images (e.g. plots)

YV V. VY V VY

Binary data

Easily made “human-readable”
Heterogeneous data (ideal for open data)

Hierarchical records with fewer cross-references

Expandible without disruptive changes to codes & users
Simplicity paradigm: “Store together what you access together”

Less work loading object-oriented code objects



Broad adoption of

object-oriented databases (OODB)

1960s-
1970s

1980s

1990s
1995-96
1997

2000s

2020

advent of relational databases, origins of modern
types

SQL (Dbase lll)
Experiments with Object-oriented Databases

Remote servers more common

MySQL, PostgreSQL (relational)

Caché hybrid relational / hierarchical

(Healthcare, financial systems...)

Object-oriented databases CERN, Apple, GrubHub, Credit

* Apache “CouchDB" Suisse, Motorola, Facebook Apps

« MongoDB CERN, eBay, Google, Facebook,
PayPal

» Big data

Cloud, replication
Many variants of common database types...

" National Nuclear Data Center _




A new concept for ENSDF using OODB

Think in terms of databases for storage;
Think In terms of file formats for transmission.

- 3 Use case 3

> == I Usecase 1l I
> . =2 ‘ Use case 2 I

Web interface |,

Users of data can be agnostic about the database structure
(interact via web interface / API)

* Database can be changed independently of the file format
* Database can store many data types; images, pdfs,
experimental data ...




Database design (in progress)

Top-level Nuclide document

__id=Z,A author .
levels N u C I I d e gammas evaluatorMNotes
reviewDate
level 0 gamma 0
gamma
r_ i
energy ‘ ﬁpi halfLife ‘ energy ‘ multipolarity J ‘ initial final states J
L \ A | S

® Think of blocks as

> “(sub-)documents”

> objects i
® Users will not see this directly Text Hand-writen | Audio




Database design (in progress)

Top-level Nuclide document as JSON

11 idll : II72’178II ,

"author": {},
"reviewDate": "1/1/1980",

Predominantly dictionaries
— easier to expand

{"key”:value}

"levels”: {}, I "levels": {

"gammas": {},

L. National Nuclear Data Center

0" {-},
1
"energy": {e},
"halfLife": {},
"JPi": {w}



Hierarchy of documents (in progress)

Level, Level Energy sub-documents

levels id=Z A

"levels": {

Level Ll {H},

b L list
mmmJ "levelEnergy": {
"energy"”: 100.0,

"denergy”: [-6.5, 1.8]

\l }
"halfLife": {},
[ dEnergy,-dEnergy ]
L. National Nuclear Data Center _




Hierarchy of documents (in progress)

J® sub-document

List of 0 or more

. . Jpi
J™dictionaries i

List of Jpi values J

{ First possible Jpi value } Second possible Jpi value }




Database “schema”

J™ sub-document

"JP1": {

"JPiValues": [{

"levels":
"0": {=},
=" o
"energy”: {e},
"haltLitTe": {},

},

L National Nuclear Data Center

IIJII: 2ll

pi": "+",

"JIsTentative":

"pilsTentative"

IIJII: 4,

pi": "+",

"JIsTentative":

"pilsTentative”

true,

: false

true,

: false




Database “schema”

t, ,sub-document (and others)

"halTLife™: {
"halfLife": 1.494E-09,

"dHalfLife": [0.023E-09], Preserve enough

information to

reproduce the
evaluator’s

calculation

"upperLimit”: null,

"lowerLimit": null,

"measurements”: {
"1991Ab0O1": {
"included": false,
"reason": "Unresolved isomer component”

"method”: "DSAM"



Database “schema”

t, ,sub-document (and others)

"halfLife": {

"halfLife": 1.
"dHalfLife": [(
"upperLimit": 1
"lowerLimit":
"measurements”
"1991Ab0O1"
"inclug

"reasol

"methoq

And similar design considerations
for

 Decay modes
 Q Values
« Abundance




Database “schema”

gamma decays

® Similar to level documents

® Refer explicitly to initial and final levels in every case
(not inferred by processing codes), except for unplaced gammas

_id=Z,A author

levels ‘ gammas

level 0 Ie“f B gamma 0
y

Level ‘ | gamma
| —

energy { Jpi energy W multipolarity

reviewDate

‘ initial,final states




Database “schema”

Take advantage of binary data

« CouchDB handles binary objects Typed notes
I L i dolor sit amet, tet
* Potential to speed the workflow adipiscing €lLt, sed do elisnod tenpor §
. . ididunt ut lab t dol 1
+ Example: preserve valuable Website links (5o s o
. ’ d exercitation ullamco laboris nisi ut a
hIStO I"y Of eva|uat0r S nOtes See WWWﬂﬂdC s liquip ex ea commodo consequat. Duis aut
e irure dolor in reprehenderit in volupt
i te velit illum dol fugiat
* Content for internal use " Ula partatur. Excepteur sint occaecat ¢
g = SC reens OtS upidatat non proident, sunt in culpa qui
® Any fo rmat —) no ed Itl ng B~ [178HF ] vs E* plot, levels joined by Gammas branching ratios | officia deserunt Nﬂllit ani.m 'Ld est 'Lah
— orum,
needed  § T
" id": "72,178", . .
K Scanned handwritten
Rl © b o Beve)”  1E - doja0(se)f
"reviewDate": "1/1/1980", s 00 O 266
0000000 ~ 80 / 21
"evaluatorNotes": {«}, o] 264 1 12
548 1 2:1
"levels": { 821 2 —_—— gq
. 997 2 12 n
0": { 1195 2 ~1.51ypo
. " 1217.2 0 30 1Q.
energy”: { i 1275 2 g ot 3
Even audio . o
1411 5.4
1422 0 21

Icons: thenounproject.com/indygo/

National Nuclear Data Center



Defining consistent standards

® Developing a standard for key names (names of quantities, e.q.
energy, halflife...)

» Consistent camel-case “levelEnergy”

» Always full words (predictable): “levelEnergy,” not “levE”
» “d” for uncertainty: “levelEnergy” —» “dLevelEnergy”
>

“Is” for true / false flag: “paritylsTentative = true”




Taking advantage of a well-planned

database

® Proper versioning within the database—evaluators have instant
access to history

® Allows for
» Highlighting changes
» Fast cross-checking

Pr— == Pe— =¥ o o = o D oy e S

: 0.86 ms S
S
2743.82 Q.\_ &

o o = o

0.0 2952

Unpublished

1
000000000000000

Published

2015 2017 2019 "sublic” evalgation
evaluation evaluation evaluation pub! IN
Version progress?

m L. National Nuclear Data Center _




Taking advantage of a well-planned

database

Can we improve
database currency
with database tools?

What tools would
improve evaluator
efficiency?

»  “diff” tool?
> .7

Previous

2034.08

Evaluation

Q)
N~
NN
DN

<—. IN progress 086mss
€4

2511.9 <15 ns

-
v S 2034.08 | 0.36 ps 7|

270 ns 5

1770 270ns 5




Funded machine learning project:

Make the most of the evaluator’s effort

\

\

I
M

I

________________________

i i1 .| Extracted Table,
i ' NSR metadata
i
|

3

Pre-filled
dataset entry

[ Related Papers ]

\ Next Paper \ Submit to DB |j
Reviewer User Interface
* OCR for extraction of metadata * Reviewer interface for
and numerical data side-by-side comparison
e Automatic population of database * Consideration by scientist

still essential
Slide: E.A.McCutchan

E ... National Nuclear Data Center _




Brookhaven CSI group’s

Table extraction using Machine Learning

® (Sl evaluating deep-learning models,
including TableNet
https://arxiv.org/abs/2001.01469

» Example of segmentation before tuning
D bl thresholding

= 0020
523 = (.7
LIRG = 0028
74 = 0.3

» QOperating on a table image

® Preparing for training on both PDF and LaTeX

Image: Calos Soto, BNL's Computer Science Initiative

UC Business Analytics R Prografnming Guide

Icons: thenounproject.com/nhy7565/

... National Nuclear Data Center _



https://arxiv.org/abs/2001.01469
http://uc-r.github.io/

Brookhaven CSI group’s

Table extraction using Machine Learning

)

2 . . «

® ® Further tuning: identifies table

§ 3 in @ complex image

S |z ® Developed a preliminary

g | & schema for

2 “raw” table data

8 |:IIZIM IEI'EI- 400 &l 1E 1500 2000 2500 }{F&I- .

2 Ehefgy eyl ® Two major aspects

D) | Al i o2 PG fed e g, e o e . Ol s s e i pasic g sy (40 _

-g- irimghs | “{a], s (s, covess dor Sarkprosd ey and qustion marks ko anasgesd bandisns > Id e ntlfy rOWS , CO I u m n S

wn - — R S—— B senlgroed .t ey o 465 .

8 ki o o 0 e » Comprehend meaning of

e values

2 | £

E |3 {"levelEnergy" : 171.7

: {"initialldpi" : "3/2-"
‘ {"gammaEnergy" : 171.7
Time (5 'II'H'HI" Il-l; ’ {" Aﬁ " : 6
FIti. 2 jcodker snline] e grow-indocsy—oot pabiem ol =- { i RDCU ; : ﬂ = 65

E L. National Nuclear Data Center _




Input needed

In what ways can we exploit new database technology and
related software & APIs to

>
>

» Add valuable new content (open data, supplemental data)

Streamline evaluator’'s work

Improve database currency

Committees?

>

>
>
>

New data

Schema design
Codes / APIs
Others?



Summary

® Moving from 50-year old nuclear data storage format to
® Object-oriented database technology supports
» Supplemental data for evaluators
» Open data
» Heterogeneous data
® Preparing for unknown future needs
® Test case: Nuclear Wallet Cards (my earlier talk)

® ENSDF modernization in progress using Wallet Card upgrade as a
starting point

® Machine learning

» Funded ENSDF machine learning project underway led by E.
McCutchan (BNL,ENSDF) and S. Yoo (BNL, CSI)

» Improve efficiency of evaluators pulling data from journals




END




END

L. National Nuclear Data Center







Input needed

® Rules and standards, e.q.
» What Q-values do we want to store? Sn, Sp, Qa, Q...

» Do we allow things like Jn = 1+,(2+), or other combinations
where some, but not all, are tentative?

® \What tools in a new interface would help to streamline evaluation
process (e.g. a “diff” view)?

® Are there additional types of data that would help the evaluator?




Rethinking ENSDF and XUNDL

X-rays and Auger
electrons

ENSDF now:

222 228
Energy (keV)

-
o

" C %ﬂh + +
E Lfrﬁ’* %ﬂ
gt HH*::LLL"M
T ++ "
i o
6 " single delecior data ik
| R T
04| —— wmptaa org, - 0.8525 o
= tempiate forg, - 0.8125 %
0.2 —— sempiate forg, = 09328
C —— template for :J = 09725 Lq:t%
00" :

100 150 200 250 30
energy B«aV]

=4

normalized decay rate [a.u.]
=]
=

=]

108m

=
a0 =S0D0ng
ottt okt D

&
N
<
J
9
=
S,

Slide: E.A. McCutchan

E (L National Nuclear Data Center




Schema:

Binary data

® FEvaluated nuclear data: “open results”

01 Sep 2020 | Network Updates

CERN releases fifth batch of open data recorded from
Large Hadron Collider experiment

By Communication from CERN

v I 8 = &

All research-quality data recorded by CMS during the first two years of LHC operation are now publicly available.

238 0+ 46 .166 87.7Ty 1
239 1/2+ 48 .591 24110y 30
240 0+ 50.128 6561y 7

® Ultimate conclusion: “Open data”

Unpublished material
Preprocessed data
Example source code
Education, basic science
Reproducibility
Repeatability
Preservation

Re-use

s 230
300L (b) Band d in mPuq‘ - Zhu et al., PLB
S & & € £618,51 (2005)
o, SF1.9x107% N
a, SF 3.x101% |—_—> 2 .
o, SF5.7x1075% : g 8
Lo %
100 gg 7 §
o N\
L
0 : UH.J | 1
150 250 350 450 550
)
/r",r,,.,wa 6% %74

b Mo bepreied il G b X},I e
LovilTecTeld Wl Ma—i-.; Ay i A J’”M..&.? _

A /}u/},.L, s W ?z;/u‘&z:..‘. wing
M e R firsts ok S Tk i
7?——44 Lomie Lﬁm«-umz’c"
D Ionicns sone ST iae it Horgrean,
PR iy % ffum««?. iy STt . e
Zan ﬂ{vﬂjy W el 0 b e
R o P SR R
[ }(M.u( PONETINE OV, = U S Ry . T /o Z

[RC Ny bttt fade off
LHen Ytid nde M B
PeiTnce MR Wadions — Lovee fianr.

Image: CERN
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